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INTRODUCTION
Approximately 150,000 acres of beans are grown each year in southern
Idaho. Zinc deficiency has been widespread throughout the area and is
the only micronutrient deficiency commonly recognized for this crop.
Corrective procedures have been developed (3) and Zn fertilizer is
generally applied to about half of the bean acreage each year. The need
for other micronutrients is continually questioned by growers and field-
men, but deficiencies have not been found by field observation or plant
analysis. A survey of the micronutrient status of beans grown in the
area was conducted to determine (a) the general micronutrient status of
the crop and (b) to delineate areas and conditions showing possible
deficiencies or excesses of the various elements.
PROCEDURE
Plant and soil samples were obtained in 1974 from 58 bean fields.
One soil sample was lost and thus soil analyses are reported for only 57
samples. The fields sampled were selected with cooperation of fieldmen
representing several commercial bean companies. The beans were both dry
edible and garden types and included 35 different varieties. Within each
field a representative area of about 1 or 2 acres was selected for sampl-
ing. The plant samples consisted of separate samples of whole-tops and
the most recently matured, trifoliate leaves. Soil was sampled to a
depth of 12 inches. All samples were obtained during the period July 12
to July 31 while the beans were in the bloom stage of growth. None of
the fields had received foliar sprays containing micronutrient elements
before sampling, although some had been fertilized with Zn before plant-
ing or in previous years.
The plant samples were washed in distilled water, dried at 55 C,
ground to pass a 40-mesh screen in a stainless steel Wiley mill, and
analyzed for the total or acid-soluble fraction of selected mineral ele-
ments. Total N including NO3-N was determined by using a semimicro
Kjeldahl method (2). Total S was determined on samples dry ashed at
550 C in the presence of magnesium nitrate. Acid-soluble S and P
were determined on 2% acetic acid extracts using charcoal to obtain clear,
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colorless solutions. Total P and the other elements were determined
after wet ashing the plant material in a mixture of nitric and perchloric
acids. The metal cations and Mo were determined by atomic absorption
spectrophotometry using a heated graphite furnace attachment for Cu and
Mo. Phosphorus was determined colorimetrically (4) and S 	 turbidi-
metrically (8).
The soil samples were dried at 50 C, crushed to pass a 1-mm sieve,
and analyzed for sodium-bicarbonate-soluble P (7) and K, and DTPA-
extractable Cu, Fe, Mn, and Zn (5). The micronutrients were determined
by the same methods as those used for the leaf samples. Potassium was
determined using a flame photometer.
RESULTS AND DISCUSSION
The nutrient concentration in the leaves and the soil test values
are given in Table 1. The plant tops were also analyzed but data are not
presented because they paralleled those for leaves. In addition better
interpretative information was available for leaves than for whole plant
samples.
Leaf Analysis 
Table 2 gives the nutrient concentration ranges used for delineating
four tentative nutritional categories for bean leaves. The concentration
ranges used are based on information compiled for a four-state area in
the Midwest (1) and on our own experience. Using these criteria the
bean fields sampled were summarized (Table 3) with respect to the nutrient
concentrations in the leaf samples. The results indicate a generally
high fertility level, except for Zn, which was marginal (15 to 20 ppm)
in 10 of 58 samples. Although Zn deficiency is well-known in the area,
only two fields showed Zn deficiency symptoms when sampled at bloom stage,
a critical time for symptoms to show.
The relatively large number of samples showing marginal levels for
N (3.25 to 4.00%) probably resulted from inacccurately delineating the
category limits of this element rather than from a shortage of N. Beans
grown in the area are generally adequately supplied with N by the nitro-
gen-fixing nodules on their roots. Consequently, few if any beans grown
in the area are low in N. Calibration data were not available to re-
liably establish concentration limits of the low and marginal categories.
Acid-soluble P and S are not included in the summary given in
Table 3 because categories for this form of these elements have not been
established. Good relationships exist, however between total and acid-
soluble P. (r 0.925) and total and acid-soluble S (r	 0.862) for
the leaf samples. Therefore, tentative critical levels for acid-soluble
P and S may be calculated from the established critical levels for
total P and S by using linear regression equations. These calcula-
tions indicate that when total P is 0.30%, acid-soluble P is about
0.10% and when total S is 0.20%, acid-soluble S is about 100 ppm.
Experimental results are needed to reliably determine the critical
levels, but the calculated values may be useful for tentatively assess-
ing the P and S status of the crop.
133
Critical nutrient levels may differ among the varieties included in
the survey. Information dealing with critical nutrient levels for
different varieties, however, was insufficient to allow interpreting the
data for each variety separately. The critical levels used here are
probably high enough to indicate adequate levels for all varieties, but
some varieties may grow normally at lower levels of some nutrients.
Although many samples were high in some elements, none were excess-
ive to the point of being deleterious to the crop. For example, 14
samples contained more than 0.507. P and 6 samples contained more than
100 ppm Mn. These levels are higher than necessary, but certainly not
excessive. One striking feature of the data •was the high Mo levels
(0.3 to 11.4 ppm) in the leaves. Again these levels are not detrimental
for plant growth but indicate a high availability of Mo in the calcare-
ous soils in the area. A critical Mo level in bean leaves is not known
but less than 0.5 ppm Mo has been established for alfalfa and soybean
leaves (6); beans are expected to require a similar concentration of this
element. In general, the concentrations found in the bean leaves seem
adequate for most nutrients.
Soil Analysis 
The soil test levels were separated into four categories based on
concentration ranges developed for calcareous soils by the University of
Idaho (9) or Viets and Lindsay (10). The ranges for the categories are
given in Table 4 and the soil test values for the survey are summarized
in Table 5. These data indicate that the fields sampled generally are at
a high fertility level except for Zn. Twenty-three samples had less
than 1.0 ppm Zn, thus indicating that many farms within the bean growing
area of southern Idaho are marginal with respect to this nutrient. In
contrast, the soil test for P was high (> 12 ppm) for 45 of the samples
tested, whereas only three samples were marginal (< S ppm). In addition,
all samples tested were adequate or high in K, Cu, Fe, and Mn.
SUMMARY
No definite deficiencies of K, Cu, Fe, Mn, Mo, S, Mg, and Ca have
been encountered on beans within the area. Levels of these nutrients
in the leaf samples and levels of K, Cu, Fe, and Mn in all soil samples
and P in mast of them are high and indicate adequate levels of these
nutrients for growing high-yielding bean crops, if other nutrients and
management factors and climate are favorable. The data from the survey
revealed no areas where nutrient concentrations in foliage or soil are
unusual. The survey indicates a general high level of fertility through-
out the area with individual field differences that have probably re-
sulted from different management and fertilizer practices.
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Table 4. The nutritional concentration ranges used for delineating soil
























SOIL TESTTEVELS WITHIN CATEGORIES
K Cu	 Fe	 Mn	 Zn
PPm	
Table 5. The number of samples with soil test levels in the various .
categories and the mean and range of soil test values found
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